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Aim

 

To assess the likelihood of a sustained virological response (SVR) 

 

vs.

 

 the likelihood
of anaemia in patients with chronic hepatitis C.

 

Methods

 

Data from 1732 patients treated with peginterferon alfa-2a (40KD) plus ribavirin in
two randomized, multinational studies were pooled. Probabilities of SVR and anaemia
were modelled using the generalized additive logistic model, with numerous clinical
variables considered for entry into the model. Baseline haemoglobin was only con-
sidered in the analysis for anaemia.

 

Results

 

The probability of anaemia increased from 6 to 16% as a function of the ribavirin
dose kg

 

−

 

1

 

 (12–16 mg kg

 

−

 

1

 

), whereas the relationship between SVR and ribavirin
dose kg

 

−

 

1

 

 was influenced by hepatitis C virus (HCV) genotype. The probability of an
SVR was not influenced by the ribavirin dose kg

 

−

 

1

 

 in patients with HCV genotype 2
or 3 infection, but increased as a function of ribavirin dose kg

 

−

 

1

 

 in patients with HCV
genotype 1 infection (40–50% increase in probability of SVR for 12–16 mg kg

 

−

 

1

 

 dose
ribavirin increase). The probability of an SVR in patients infected with HCV genotype
1 decreased with increasing HCV RNA level to about 3 million copies ml

 

−

 

1

 

, but was
relatively independent of increasing HCV RNA level thereafter. In addition, older age,
a higher ribavirin apparent oral clearance and cirrhosis had a negative impact on
achieving an SVR, but improved with increasing alanine aminotransferase (ALT)
quotient. Sex and ribavirin dose kg

 

−

 

1

 

 were the most important prognostic factors for
anaemia, followed by baseline haemoglobin, age, baseline ALT quotient and cirrhosis.

 

Conclusion

 

This study supports individualizing ribavirin dosages by HCV genotype and body
weight, and highlights several clinical variables that influence the likelihood of an SVR
compared with anaemia in chronic hepatitis C patients treated with peg interferon
alfa-2a (40KD) plus ribavirin.

 

Introduction

 

Hepatitis C virus (HCV) infection is a global public
health problem. Globally, an estimated 170 million peo-
ple are chronically infected with HCV, and 3–4 million

people are newly infected each year [1]. Approximately
80% of newly infected patients progress to chronic
infection. Cirrhosis develops in about 10–20% of those
with chronic infection and liver cancer develops in 1–
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5% of those with chronic infection over a period of 20–
30 years [1].

Pegylated interferon plus ribavirin is the treatment of
choice for patients with chronic hepatitis C. HCV gen-
otype and baseline serum HCV RNA level are important
predictors for sustained virological response (SVR) [2–
4]. Other factors such as age, gender, race, obesity, his-
tological status and serum alanine aminotransferase
(ALT) level also influence SVR rates [4, 5]. Recently, a
number of studies have suggested that higher ribavirin
concentrations result in higher SVR rates [6–10]. How-
ever, any potential increase in SVR rates achieved with
higher doses of ribavirin must be balanced against the
increased potential for ribavirin-associated adverse
events. Low baseline haemoglobin levels and high
serum ribavirin concentrations have been shown to pre-
dict the occurrence of anaemia with ribavirin therapy [6,
9, 10].

We undertook this pooled analysis of data from two
randomized multinational studies of peginterferon alfa-
2a (40KD) plus ribavirin to assess how patient- and
disease-related factors influence the chance of achieving
SVR 

 

vs.

 

 the likelihood of anaemia in relation to ribavirin
dose.

 

Materials and methods

 

Data from two randomized, multinational, Phase III
studies were pooled. Treatment-naive adults with
chronic hepatitis C, quantifiable HCV RNA in serum,
elevated ALT levels and compensated liver disease were
eligible for these studies [11, 12]. Patients in the study
by Fried 

 

et al.

 

 [11] were randomized to 48 weeks of
treatment with peginterferon alfa-2a (40KD) 180 

 

µ

 

g
week

 

−

 

1

 

 plus ribavirin (1000 mg day

 

−

 

1

 

 for patients
weighing 

 

<

 

75 kg or 1200 mg day

 

−

 

1

 

 for patients weigh-
ing 

 

≥

 

75 kg), conventional interferon alfa-2b plus ribavi-
rin 1000 or 1200 mg day

 

−

 

1

 

, or peginterferon alfa-2a
(40KD) monotherapy. In the study by Hadziyannis 

 

et al.

 

[12] patients were randomized to treatment with
peginterferon alfa-2a (40KD) 180 

 

µ

 

g week

 

−

 

1

 

 plus rib-
avirin for  either  24  or  48 weeks  and  with  either  a
low dose (800 mg day

 

−

 

1

 

) or standard dose (1000 or
1200 mg day

 

−

 

1

 

 as described above) of ribavirin. Thus,
there were four treatment groups that included ribavirin
across the two studies. The inclusion criteria, exclusion
criteria, study design and primary results of these stud-
ies have been published elsewhere [11, 12].

The primary efficacy parameter in these trials was
SVR, defined as undetectable HCV RNA in serum at the
end of treatment and during the untreated follow-up
phase [12–24 weeks in the trial by Hadziyannis 

 

et al.

 

(i.e. at week 48 in patients treated for 24 weeks, at week

72 in patients treated for 48 weeks), at least 20 weeks
in the trial by Fried 

 

et al

 

. [11, 12]), by qualitative poly-
merase chain reaction assay (COBAS AMPLICOR

 

™

 

HCV Test, v2.0; lower limit of detection 50 IU ml

 

−

 

1

 

].
Data on SVR and incidence of anaemia, available for

1732 patients from the two trials, were included in logis-
tic regression analyses. Anaemia was defined as haemo-
globin concentration 

 

<

 

10 g dl

 

−

 

1

 

 documented on at least
one occasion during the studies. We chose to analyse
SVR and anaemia as binary outcomes: SVR 

 

vs.

 

 no SVR
and anaemia 

 

vs.

 

 no anaemia.

 

Data analysis

 

SVR and incidence of anaemia were modelled using a
generalized additive logistic model as follows:

(1)

It was assumed that the log-odds of the probability 

 

P

 

 of
an event y

 

i

 

 can be described as functions f

 

j

 

 of the prog-
nostic factors x

 

i1

 

 up to x

 

ip

 

. Each f

 

j

 

 is an unspecified
function which was estimated in a flexible manner using
an algorithm whose basic building block is a scatter plot
smoother. The smoother used was the so-called cubic B-
spline smooth [13]. However, not all functions need to
be nonlinear and linear parametric forms can be easily
mixed with nonlinear terms. More details about the
methodology of generalized additive models (GAM)
can be found in a textbook by Hastie and Tibshirani
[13]. The data were modelled using S-PLUS 6.1 Profes-
sional Edition (MathSoft, Seattle, WA, USA).

The baseline disease or demographic factors consid-
ered (based on results from previous analyses) for entry
into the model included: baseline ALT quotient (ALT
value divided by upper limit of normal range); age;
histological diagnosis (noncirrhosis 

 

vs.

 

 cirrhosis); HCV
genotype (1 

 

vs.

 

 2 or 3); HCV RNA level; race (White

 

vs.

 

 nonWhite people); sex (male 

 

vs.

 

 female); ribavirin
dose kg

 

−

 

1

 

; treatment duration (24 weeks 

 

vs.

 

 48 weeks)
in patients with HCV genotype 2 or 3 infection; and
apparent oral clearance (CL/F) of ribavirin. Baseline
haemoglobin concentration was also considered in the
analysis for anaemia. Although body weight and AUC
were tested initially, the factors ribavirin dose kg

 

−

 

1

 

 and
CL/F were found to have a stronger prognostic value
and were therefore selected for the final model
development.

In the initial generalized additive regression analysis,
the assigned ribavirin dose kg

 

−

 

1

 

 body weight was eval-
uated as a prognostic factor for both SVR and incidence
of anaemia. Separate analyses were undertaken for SVR
rates in patients infected with HCV genotype 1 (1036
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patients) and genotypes 2 or 3 (631 patients). Although
the number of 49 patients with HCV genotype 4 was
limited, the SVR rate in these patients was evaluated
separately because of the scarce amount of available
information on HCV genotype 4 patients to date. The
number of seven patients with HCV genotype 5 and 11
patients with HCV genotype 6 was considered to be too
small to undertake separate analyses for the SVR rate.
In contrast, a combined analysis (1732 patients) was
undertaken for the incidence of anaemia because it was
assumed that the risk of anaemia is independent of HCV
genotype.

A population pharmacokinetic model for orally
administered ribavirin has recently been developed
using data from five studies including the two used as
the basis for this study (published with this article)
[14]. The model developed was a three-compartment
model with a sequential zero-order followed by a first-
order absorption process. Interoccasion variability and
food effects were included in the absorption model.
The covariates weight, lean body weight, height, body
mass index, age, sex, race, haemoglobin, albumin,
serum creatinine and creatinine clearance were tested
in the population pharmacokinetic model for their sta-
tistical and clinical significance [14]. Prior to testing
any of the given covariates, total oral clearance was
separated into renal and nonrenal components and the
effect of potential covariates was tested on the two
components. This was not found to describe the data
better and so covariate effects were subsequently tested
on total oral clearance. Lean body weight was the only
covariate that met the predefined criteria for influence
on both clearance (CL) and the volume of the largest of
the peripheral compartments (

 

V

 

2

 

). There was a linear
relationship between lean body weight and both CL
and 

 

V

 

2

 

. For the purpose of the present analysis, individ-
ual CL/F values in 242 of the patients were estimated
based on the population pharmacokinetic analysis and
individual ribavirin plasma concentrations. Clearly,
lean body weight and total body weight are highly cor-
related and so total body weight was used in the present
analysis since ribavirin dosing instructions are based on
total body weight. Due to the absence of ribavirin
plasma concentrations, the individual CL/F of the
remaining 1490 patients in the present dataset was cal-
culated using the following general formula derived
from that population pharmacokinetic analysis:

 

CL/F

 

i

 

 

 

=

 

 19.7 · (1 

 

+

 

 0.00347 · (

 

BW

 

i

 

 

 

−

 

 81)) (2)

where 

 

CL/F

 

i

 

 is the individual apparent clearance (l h

 

−

 

1

 

)
and 

 

BW

 

i

 

 is the individual total body weight (kg).

Initially, the estimated CL/F values in the 242 HCV
patients were used to calculate the AUC

 

0

 

−

 

24 h

 

 of ribavirin
at steady state, which was then used in a separate gen-
eralized additive logistic regression analysis to evaluate
graphically the relationship between AUC

 

0

 

−

 

24 h

 

 as a prog-
nostic factor for both SVR and incidence of anaemia in
these patients.

In order to use the models to simulate various ribavi-
rin dosing schemes, the potential interaction of the rib-
avirin daily dose kg

 

−

 

1

 

 body weight with other prognostic
factors was evaluated so that the relevant interaction
terms could be included in the final models. An auto-
mated step-wise search was used to select the best GAM
given the range of models to consider. A ‘regimen’ of
candidate forms in which a particular prognostic factor
may enter the model was defined for every factor and
the final model was built up by evaluating all candidate
forms for each prognostic factor. A record was kept of
all models ever visited. The Akaike statistic was used to
select the best model [15]. The step-wise search ends
when the maximum number of steps has been used or
when the Akaike statistic criterion cannot be decreased
by any of the eligible steps.

Model uncertainty was quantified by the ‘bootstrap-
ping technique’ [16]. Datasets were bootstrapped 1000
times and for every bootstrap sample, the final GAMs
for SVR and anaemia were fitted to the bootstrapped
data. Subsequently, the chance of SVR and the likeli-
hood of anaemia were predicted for each individual
patient based on each of the 1000 GAMs. In addition,
the median and 95% confidence intervals (CIs) of the
SVR rates and incidence of anaemia were calculated.

 

Evaluation of predictive performance

 

The SVR rate and incidence of anaemia were predicted
based on 1000 GAMs fitted to 1000 bootstrapped sam-
ples of the original dataset. Subsequently, the predicted
distributions of the independent statistic’s overall SVR
rates and incidence of anaemia were graphically com-
pared with the actual observed values. The predictive
performance of the final models was considered accept-
able in the case that the observed values fell within the
predicted distributions.

 

Results

 

The initial GAM analyses were undertaken by using the
ribavirin dose kg

 

−

 

1

 

 as the only prognostic factor. The
relationship between ribavirin dose kg

 

−

 

1

 

 and the proba-
bility of an SVR in patients infected with HCV genotype
1 or the probability of anaemia in all patients is shown
in Figure 1; both the probabilities of SVR and anaemia
increased with increasing ribavirin dose kg

 

−

 

1

 

. The prob-
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ability of SVR was estimated to increase from approx-
imately 40% to 54% and the incidence of anaemia was
estimated to increase from approximately 6% to 16%
for a ribavirin dose increase from 12 mg kg

 

−

 

1

 

 to
16 mg kg

 

−

 

1

 

 (Figure 1). The probability density plots of
the ribavirin dose kg

 

−

 

1

 

 are also depicted in Figure 1.
Patients with HCV genotype 1 receiving a standard
dose of ribavirin (1000 or 1200 mg day

 

−

 

1

 

) had a higher
probability of achieving an SVR than those receiving
800 mg day

 

−

 

1

 

. The steepness of the anaemia–dose curve
indicates that a small increase in the daily dose of rib-
avirin above 15 mg kg

 

−

 

1

 

 will result in a substantial risk
of anaemia. The overall incidence of anaemia was
observed to be approximately 7.5% for all 48-week

treatments with daily doses up to 15 mg kg

 

−1 and almost
20% for all 48-week treatments with daily doses of
>15 mg kg−1 ribavirin.

The relationship between ribavirin dose kg−1 and the
probability of an SVR in patients infected with HCV
genotypes 2 or 3, the probability of anaemia in all
patients as well as the probability density plots are
shown in Figure 2. In contrast to findings for patients
infected with genotype 1, the probability of an SVR
does not appear to be strongly correlated with the rib-
avirin dose kg−1 in these individuals. The overall SVR
in patients infected with genotypes 2 or 3 was observed
to be approximately 81%. This implies that a low dose
of ribavirin (800 mg day−1) is as effective as the higher

Figure 1 
The probability of a sustained virological response (SVR) in patients with hepatitis C virus (HCV) genotype 1 (upper left) and anaemia in all HCV patients 

(upper right) as a function of the ribavirin dose kg−1 after 48 weeks’ treatment with low-dose (800 mg day−1) or standard-dose (1000 or 1200 mg 

day−1) ribavirin. Observed values are presented as circles. The dashed lines in the upper graphs are the 95% pointwise confidence intervals. The 

nonparametric probability density plots of the administered ribavirin dose kg−1 in the HCV genotype 1 patient population and in all HCV patients are 

shown in the lower right and lower left panels, respectively
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standard dose (1000 or 1200 mg day−1) in these patients.
In addition, low-dose ribavirin would be associated with
a low risk of anaemia in patients infected with HCV
genotypes 2 or 3 (Figure 2). The incidence of anaemia
(HgB <10 g dl−1) was observed to be almost 3.5% for a
24-week treatment of 800 mg day−1 and approximately
10%  for  a  24-week  treatment  of  1000  or  1200 mg
day−1 according to body weight.

The relationship between ribavirin AUC0−24 h and the
probability of an SVR in patients included with HCV
genotype 1 and the probability of anaemia in all HCV
patients treated for 48 weeks are shown in Figure 3.
Despite the smaller number of patients included in this
analysis (n = 242) compared with the other GAM anal-

yses, the probability of an SVR seems to increase with
an increasing AUC0−24 h in this patient population, with
a steeper initial increase followed by a more flat increase.
Also, the risk of anaemia is estimated to increase grad-
ually with an increasing AUC0−24 h of ribavirin (Figure 3).
The 95% CIs for both the probability of SVR and risk
of anaemia are relatively wide (Figure 3).

In the GAM analyses, viral load, age, baseline ALT
quotient,  ribavirin dose kg−1  (RBVDkg), cirrhosis
(Cirr),  apparent  oral  ribavirin  clearance  (CL/F)  and
the interaction between age and ribavirin dose kg−1

(Age:RBVDkg) were retained as prognostic factors for
an SVR in patients with HCV genotype 1. The best
GAM for SVR in HCV genotype 1 patients was:

Figure 2 
The probability of a sustained virological response (SVR) in patients with hepatitis C virus (HCV) genotype 2 or 3 (upper left) and anaemia in all HCV 

patients (upper right) as a function of the ribavirin dose kg−1 after 24 weeks’ treatment with low-dose (800 mg) or standard-dose (1000 or 1200 mg 

day−1 depending on weight) ribavirin. Observed values are presented as circles. The dashed lines in the upper graphs are the 95% pointwise confidence 

intervals. The nonparametric probability density plots of the administered ribavirin dose kg−1 in the HCV genotype 2 or 3 patient population and in all 

HCV patients are shown in the lower right and lower left parts, respectively
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SVR ~ s(log(RNA),3) + s(Age,4) + log(ALT) + RBVDkg 
+ Cirr + s(CL/F,2) + s(Age : RBVDkg,2) (3)

A smoothing term for log(RNA), age and CL/F, as indi-
cated by  ‘s’  in  equation  3,  combined  with  a  linear
term for log(ALT) and ribavirin dose kg−1 (RBVDkg)
appeared to form the best generalized additive models
in terms of the Akaike statistic. The degrees of freedom
of the smoothing splines are indicated by the number
within the parentheses of the ‘s’ terms. HCV RNA level
was the most important prognostic factor in terms of the
Akaike statistic criterion, followed by age, baseline ALT
quotient, ribavirin dose kg−1 body weight, cirrhosis and
finally ribavirin CL/F.

The following factors were retained for the GAM
developed for SVR in patients with HCV genotype 2 or
3: cirrhosis (Cirr); treatment duration; log ribavirin
dose/kg (RBVDkg); race (White); the interactions
between cirrhosis and log baseline ALT quotient; and
the interactions between cirrhosis and ribavirin dose

kg−1. The best GAM for SVR in HCV genotype 2 or 3
patients was:

SVR ~ Cirr Dur + log(RBVDkg) + White
+ Cirr : log(ALT) + Cirr : RBVDkg (4)

In the 49 patients infected with HCV genotype 4, the
likelihood of an SVR appeared to increase with an
increasing ribavirin dose kg−1.  In addition, the chance
of an SVR appeared to be higher after 48 weeks of
treatment compared with 24 weeks of treatment with
ribavirin.

With respect to anaemia, sex (male vs. female), rib-
avirin dose kg−1 (RBVDkg), log baseline haemoglobin
(HgB0), age, log baseline ALT quotient, cirrhosis (Cirr)
and the interaction between sex and ribavirin dose kg−1

(Sex:RBVDkg) were retained as prognostic factors for
the incidence of anaemia. The best GAM for the inci-
dence of anaemia was:

Figure 3 
The probability of a sustained virological response (SVR) in patients with hepatitis C virus (HCV) genotype 1 (left) and anaemia in all HCV patients (right) 

as a function of the ribavirin AUC0−24 h at steady state after 48 weeks’ treatment with low-dose (800 mg) or standard-dose (1000 or 1200 mg day−1 

depending on body weight) ribavirin. Observed values are presented as circles. The dashed lines are the 95% pointwise confidence intervals
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HgB < 10~Sex + RBVDkg + log(HgB0) + Age
+ log(ALT) + Cirr + Sex : RBVDkg (5)

Sex (male vs. female) and ribavirin dose kg−1 appeared
to be the most important prognostic factor for the
incidence of anaemia in terms of the Akaike statistic
criterion, followed by baseline haemoglobin levels,
age, baseline ALT quotient and cirrhosis (cirrhotic vs.
noncirrhotic).

The final GAMs for SVR and anaemia were evaluated
by comparing the predicted SVR rates and incidence of
anaemia with the actual data from the trials. For patients
with HCV genotype 1 infection who received a standard
dose of ribavirin (1000 or 1200 mg day−1), the predictive
performance of the two GAMs was satisfactory because
the actual SVR rate of approximately 49% and the inci-
dence of anaemia of approximately 13% fell well within
the predicted range (Figure 4).

Figure 5 shows the probability of a SVR as a function
of the prognostic factors retained. The uncertainty in
every individual prediction was quantified by bootstrap-
ping and by fitting the original SVR dataset 1000 times.
The probability of a SVR decreased with increasing
serum HCV RNA concentration up to about 3 million
copies ml−1 (corresponding to a log(RNA) of approxi-
mately 15 in Figure 5), but remained relatively indepen-
dent of HCV RNA level thereafter. The probability of
an SVR decreased almost linearly with increasing age.
In contrast, it was predicted to increase linearly with
baseline ALT quotient. The probability of an SVR also

increased with increasing ribavirin dose kg−1. A higher
apparent ribavirin CL/F appeared to have a negative
influence on the probability of achieving an SVR. In
addition, patients with a histological diagnosis of cirrho-
sis were predicted to have a lower probability of a SVR
compared with patients without cirrhosis.

Figure 6 shows the probability of anaemia as a func-
tion of gender, daily ribavirin dose kg−1, baseline
haemoglobin level, age, baseline ALT quotient and
histological diagnosis (no cirrhosis vs. cirrhosis). The
probability of anaemia increased with increasing ribavi-
rin dose kg−1, with a steeper increase from about
15 mg kg−1 onwards. In general, females were predicted
to have a higher likelihood of becoming anaemic com-
pared with male patients. In addition, a relatively low
baseline haemoglobin value was identified as a risk fac-
tor for anaemia. The incidence of anaemia was predicted
to increase with increasing age, especially from age
50 years onwards. In contrast, the incidence of anaemia
was negatively correlated with the baseline ALT quo-
tient. Patients with cirrhosis were predicted to have a
higher chance of becoming anaemic compared with
noncirrhotic patients.

Discussion
Our pooled analysis of two large randomized, controlled
clinical trials demonstrates that the relationship between
SVR and ribavirin dose is dependent on HCV genotype
and that the probability of developing anaemia  inc-
reases with ribavirin dose, especially at doses above

Figure 4 
Observed (black) and predicted distribution of 

the total sustained virological response (SVR) 

and incidence of anaemia in patients with 

hepatitis C virus (HCV) genotype 1 receiving 

48 weeks’ treatment with standard-dose 

(1000 or 1200 mg according to body weight) 

ribavirin
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15 mg kg−1. In patients infected with HCV genotype 1,
the probability of achieving an SVR increased as a func-
tion of the ribavirin dose kg−1. In comparison, the prob-
ability of achieving an SVR was not strongly correlated
with the dose of ribavirin in patients infected with HCV
2 or 3 genotypes (approximately 90% of non-1 geno-
types were genotypes 2 or 3). These observations sug-
gest that low-dose ribavirin (800 mg day−1) is sufficient
to maximize the probability of achieving an SVR in
patients infected with genotypes 2 or 3 and is associated
with a lower risk of anaemia. Consistent with these
findings, recent data from the WIN-R study examining
pegylated interferon alfa-2b (12KD) plus ribavirin in
genotype 2/3 patients show that SVR rates were similar
in the weight-based (800–1200 mg day−1) and fixed-
dose ribavirin (800 mg day−1) groups [18].

In 242 patients, the individual values of CL/F were
estimated by a population pharmacokinetic analysis
[14]. As no pharmacokinetic information in the remain-
ing 1490 patients was available, the data of this sub-
group of 242 patients were used to assess whether
exposure of ribavirin (AUC0−24 h at steady state) was a
prognostic factor for the likelihood of SVR and the risk
of anaemia. In patients infected with HCV genotype 1,
the probability of an SVR seemed to increase with an
increasing AUC0−24 h. This finding was in line with the
results of previous studies showing that plasma concen-
trations of ribavirin were correlated with SVR [7, 8].
Also, in a small study in HIV–HCV coinfected patients,
ribavirin plasma levels were correlated with the achieve-
ment of a virological response at weeks 4 and 12 [19].
The risk of anaemia was also estimated to increase grad-

Figure 5 
Median (with 95% confidence intervals) probability of a sustained virological response (SVR) as a function of the prognostic factors in each individual 

hepatitis C virus (HCV) genotype 1 patient treated for 48 weeks, based on generalized additive models fitted to 1000 bootstrap samples of the original 

dataset
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ually with an increasing AUC0−24 h of ribavirin, in line
with previous observations [7, 9, 20].

Our pooled analysis also showed that baseline serum
HCV RNA concentration, age, ALT quotient, ribavirin
dose kg−1, histological diagnosis and ribavirin CL/F
influenced the likelihood of achieving an SVR in
patients infected with HCV genotype 1. These factors
are consistent with those previously reported to have
predictive value for treatment outcomes in patients with
chronic hepatitis C treated with interferon-based thera-
pies [2–5]. In another pharmacodynamic study, baseline
HCV RNA concentration, age, ribavirin concentration
at steady state and duration of treatment influenced the
likelihood of an SVR [7].

Although the number of HCV genotype 4 patients
was relatively small (only 49 out of 1732 patients
infected with HCV), our analysis indicated that the like-

lihood of an SVR appeared to increase with increasing
treatment  duration  and  an  increasing  ribavirin  dose
kg−1. Our analysis thus seems to support the previous
suggestion, based on an investigation in HCV patients
coinfected with HIV, that patients infected with geno-
type 4 seem more to resemble genotype 1 patients rather
than patients infected with HCV genotypes 2 or 3 [21].
For this reason, it is recommended to provide patients
infected with HCV genotype 4 with a standard daily
dose of 1000 or 1200 mg according to body weight.

Although anaemia is a well-documented adverse
effect of ribavirin therapy, prognostic factors for
anaemia in patients treated with combination therapy
have not been thoroughly assessed. In an earlier study
[6], baseline haemoglobin level and ribavirin concentra-
tion at steady state influenced the occurrence of haema-
tological toxicity. Our study shows that gender and

Figure 6 
Median (with 95% confidence intervals) probability of anaemia as a function of the prognostic factors in each individual hepatitis C virus (HCV) patient 

treated for 48 weeks, based on generalized additive models fitted to 1000 bootstrap samples of the original dataset
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ribavirin dose kg−1 are the most important factors influ-
encing the likelihood of anaemia (haemoglobin
<10 g dl−1); baseline haemoglobin level, age, baseline
ALT quotient and histological diagnosis also influenced
the likelihood of developing anaemia. Our results extend
earlier observations in that they highlight baseline char-
acteristics beyond which the likelihood of anaemia
increases dramatically, e.g. treatment with ribavirin
doses >15 mg kg−1 (approximately 37% of all patients
receiving 1000 or 1200 mg day−1 depending on body
weight).

As anaemia is not a universal risk in all patients, the
recommended dosing strategy of ribavirin in order to
obtain a high likelihood of an SVR in individual patients
infected with HCV genotype 1 is to start with an initial
treatment of 1000 or 1200 mg day−1 according to body
weight. Indeed, it may be that for heavier patients, rib-
avirin doses >1200 mg day−1 may be initiated as these
are likely to be associated with an additional efficacy
benefit and a manageable anaemia risk, provided that
the dose does not greatly exceed 15 mg kg−1 day−1.

In clinical practice, dose reductions are a commonly
used strategy for resolving treatment-related anaemia.
Our study suggests that the dose-modification regimen
approved in the USA, a reduction to 600 mg day−1 in a
single step, irrespective of the initial dose, would prob-
ably have a greater impact on the likelihood of achieving
an SVR rather than the incidence of anaemia because
there is little difference in the incidence of anaemia
when the dose of ribavirin is <15 mg kg−1 day−1. A more
gradual dose reduction regimen, e.g. in 200-mg decre-
ments, may be more appropriate in that it may prevent
the development of anaemia while maintaining a high
probability of achieving an SVR. Such a strategy would
be particular important in patients infected with HCV
genotype 1, where ribavirin dose appears to be more
important to therapeutic outcome, and in whom the
recommended initial dose of ribavirin is 1000 or
1200 mg day−1 [17].

An alternative strategy for managing anaemia is the
use of erythropoietin. The use of erythropoietin would
presumably increase the overall probability of achieving
an SVR because the dose of ribavirin could be main-
tained. This potential of this strategy was recently dem-
onstrated in a small pilot study [10]. It must be noted
that the use of erythropoietin was prohibited in the two
studies on which our analysis was based.

The applicability of our observations to other patient
populations such as those with HIV–HCV coinfection
must be confirmed in clinical trials.

In conclusion, our study shows that the probability of
anaemia increases as a function of the ribavirin dose

kg−1 in patients treated with peginterferon alfa-2a
(40KD) plus ribavirin, while the relationship between
the likelihood of SVR and ribavirin dose is influenced
by HCV genotype. Low-dose ribavirin (800 mg day−1)
is sufficient to maximize the likelihood of SVR in
patients infected with genotypes 2 or 3 and is associated
with a lower risk for anaemia. In contrast, patients
infected with HCV genotype 1 require the standard dose
of ribavirin (1000 or 1200 mg day−1), but may be
exposed to a higher risk of anaemia. In addition, viral
load at baseline, age, baseline ALT quotient, ribavirin
dose kg−1, cirrhosis status and the apparent oral clear-
ance of ribavirin influenced the likelihood of a SVR,
while the likelihood of anaemia was influenced by gen-
der, ribavirin dose kg−1, baseline haemoglobin level,
age, baseline ALT level and cirrhosis status.
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